A mathematical model and a description of complex programs for calculating the distribution of the main electrochemical functions and processes control parameters in the "electrode-electrolyte" in the reactor with a flowing three-dimensional electrode of the carbon fiber material. 
Introduction
Electrochemical reactors with three-dimensional flow-through electrodes (FTE) based on carbon fiber materials (FCM) are used to intensify the various redox processes, including the extraction of metals from solutions of electrolytes [12] . One of the main problems of optimization of such reactors is to provide high efficiency of the electrochemical process, which implies the satisfaction of these criteria, as a uniform deposition of metal on the surface of the reaction of HPA at a high deposition rate, a maximum amount of metal deposited per unit time per unit volume at minimum energy FCM and other costs. To solve the problems increase the efficiency of reactors FTE obviously need to create and improve mathematical models describing the electrochemical processes in the pores of three-dimensional flow-through electrodes, and software for the calculation of the distribution of redox processes and the performance of such processes in electrolytic cells with flow three-dimensional electrodes.
Mathematical Model
Electrochemical processes in the FTE, we assume quasi-stationary, allowing you to use a stationary mathematical model to calculate the distribution of basic electrochemical functions in the x, 0 ≤ x ≤ L, (L electrode thickness) electrode potential U(x) (B), partial current density electrochemical reactions JSi(х) (А/сm 2 ) and the concentration of the electroactive component Ci(х)(moles/cm3), considering these functions are independent of time τ within selected time intervals process процесса τ  [Ti-1,Ti], i=1,...,m, T0=0, Tm=T, where T -the total process time. However, during the transition interval of time τ  [Ti-1,Ti] in the interval τ  [Ti,Ti+1] corrected conductivity values distributed electrode kТ(х)(Cm/cm) of the electrolyte flow rate v(х)(cm/ s), the specific reaction of the electrode surface SV(х) (cm 2 /cm 3 ) and the mass transfer coefficient, which change during the electrolysis process may result in the overgrowth of the porous electrode body-metallic precipitate. Construction of non-stationary and quasistationary model of electrochemical processes in the flow of three-dimensional electrodes described in detail in [3, 7] . In accordance with the instructions in these articles the results of mathematical modeling of the system of ordinary differential equations for this case is as follows:
Here kg (Сm/сm)-conductivity of the electrolyte. System of equations (1) - (2) must be supplemented by the kinetic equations [1] relating the values of current density and potential at the point x:
initial and boundary conditions imposed on the unknown functions:
In equations (3) and (4) I(A/cm2) -overall current density flowing through the electrode, L(cm) -Thickness FTE, j0i-exchange current density, αi-transport coefficients, φRI -are the equilibrium potentials of reactions, Ci,0 -the concentration of the i-th component at the entrance to FTE, R -universal gas constant, T -absolute temperature. The system of equations (1) - (4) can be solved by the method described in [4 ] using the algorithms for calculating the distribution changing in the electrolysis process of electrochemical process parameters and electrode: electrode conductivity kT, specific reaction surface Sv, FCM porosity ε, the flow velocity solution [5] [6] [7] [8] . In particular, the conductivity of FTE, which is initially determined by the constant value equal conductivity of the carbon material kT(x) = ku, over electrolysis adjusted by the formula [9, 10] :
and to calculate ε(x,Tj), Sv(x,Tj), v(х,Tj) and Km(x,T) used by the formula [11] :
where ρ -density of the metal deposit, mv -volumetric flow rate of the solution, qFe-the proportion of the metal deposit, and M(x,Tj) -the amount of the deposited metal layer in a single section with coordinates -at time x -Tj:
Present a mathematical model we used in the development of complex programs for calculating the distribution of the electrochemical process on the electrode thickness in dynamics, potential, concentration, local current density for each electroactive component, the local velocity of solution flow, conductivity electrode, etc.
Some features of the numerical simulation process
In [11] the instability of the solution of equations modeling the process of electrolysis on the electrode thickness L. Instability of solutions leads to difficulties in the numerical integration of the standard methods for sufficiently large L. For this reason, as the main numerical method, the authors used the method of solution "stiff systems" in one of its modifications GEAR [2] . It should be noted that the system is not " hard" in the classical sense, since it contains the Jacobian eigenvalue with positive real part (which produces the initial instability of the system), while there has been: 
  
This feature selection mathematical model defined numerical method. For estimation characteristics making numerical experiments in real ranges of parameters for the problem (1) -(2). Calculations were carried out by methods GEAR and Runge -Kutta (RK), which is most commonly used in solving such problems. This uses the well-known method in computational mathematics " firing ": given a trial value for the function at the beginning of the integration interval, which is then adjusted to " hit " the values of the unknown function at the end of the integration interval in the neighborhood of the boundary values (the ratio of the second group (4).
Functionality software system, application
The code is designed to calculate and analyze the parameters of the electrochemical deposition process metals from solutions of electrolytes flow carbon fiber electrode. The calculation is carried out for one or several metals. Program adapted to changes in the characteristics of the electrode and the electrolyte time. Programs allow us to calculate the electrodeposition process in mutually perpendicular lines and current flow solution with reversed supply solution in the electrode under the recirculation flow solution. The input data for the calculation are the parameters of the electrolysis such as chemical parameters of the deposited component (valence of ions by mass transfer, diffusion coefficient), the concentration of the component in the solution to be deposited, the flow rate of the solution, the electrical conductivity of the liquid solution phase, solid phase, the conductivity of the solution, the overall current density, electrode parameters (porosity, fiber radius, the thickness of the electrode) electrolysis. Input data is stored in a data file and can be edited by the user in a shell program.
Calculation results are: metal concentration (calculation can be carried out for one or two metals contained in the solution), the distribution of the electrical conductivity of the electrode, the metal distribution, the distribution of the electrolyte flow rate, mass transfer coefficient distribution of metals distribution of mass transfer coefficients for oxygen potential distribution, current profiles for metals, oxygen current profile, the current profile for hydrogen, given the current profile for metals. Results of calculation are stored in a text file with the name specified by the user. Software package has the following features:
• implemented a convenient data entry and editing. Data is stored in a text file, access to them was done in the interface (Fig. 1); • calculated the above parameters. When this calculation is possible with the current data, or to select a file with data.
• Implemented analysis parameter values are in the resulting file. Shown in tables and graphs calculated parameters change depending on the time that demonstrate the nature of the distribution parameters. Accomplished graphic imitation metal distribution on the electrode (Fig. 2, 3 ).
• implemented a comparative analysis of the parameters. At the same time can be compared to the data of the five files (Fig. 4) .
• results can be saved as xls.
Used hardware and software interface
Software package developed in Delphi 7 system and Fortran Power Station 4.0. Program complex occupies 966 KB of disk space. For operation of the software product specific requirements for the client computer technology is not presented and can be used on a standard office computer, such as, for example: Pentium IV or equivalent AMD. The system is cross-platform and can be installed on a computer with any operating system: Mac OS, Linux, UNIX, Windows 95, 98, 2000, Me, NT, XP, Vista, Windows 7. Installing other software are required. Figures 1-4 shows the illustration to the application interface. Numerous calculations performed using the described set of programs indicate the comparability of results of calculations and experimental data []. This allows us to study the electrochemical processes occurring in the flow of three-dimensional electrodes, mathematical modeling, taking into account the essential characteristics of the electrochemical system (specific surface area, electrical conductivity, porosity of the electrode, the mass transfer coefficient) in the thickness of the electrode during the deposition of the metal.
